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Many emerging and reemerging human pathogens
are derived from animals or from animal tissues,
waste, or products. A wide range of species including
insects (eg, mosquitos), wild animals (eg, rodents, bats,
and monkeys), draft animals (eg, horses and mules),
and livestock animals (eg, swine, poultry, and cattle)
have been implicated in transmission of various highly
pathogenic infections, including parasitic, bacterial,
and viral diseases, to humans. Among the most deadly
emerging zoonotic diseases are viral hemorrhagic fe-
vers, including those caused by the filoviruses, EBOV
and MARV. The zoonotic potential of these viruses was
identified at the time of their discovery during the first
recognized filovirus outbreak that simultaneously oc-
curred in Germany and Yugoslavia. During this 1967
outbreak, laboratory workers became infected follow-
ing contact with blood and organs from MARV-infected
African green monkeys that had been imported from
Uganda. The focus of this review is the zoonotic nature
of the filoviruses.

Filovirus Pathobiology

Ebola virus and MARV, members of the family Filo-
viridae in the order Mononegavirales, are highly patho-
genic viruses that cause hemorrhagic fever and that re-
quire manipulation under restrictive biosafety level 4
conditions.’ Only 1 species of MARV is known to date;
however, 5 species of EBOV have emerged. These EBOV
species include Zaire, Sudan, and Cote d’Ivoire viruses,
which cause fatal infection in 40% to 90% of infected
patients, and Reston, which causes asymptomatic infec-
tions in humans but is lethal to nonhuman primates. A
potential fifth species that is named Bundibugyo was
isolated in 2007.*?
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ABBREVIATIONS

EBOV Ebola virus
FVLP Filovirus-like particle
MARV Marburg virus

In humans, hemorrhagic fever viruses, including
the filoviruses, cause a nonspecific viral prodrome that
includes fever, chills, headache, myalgia, and anorex-
ia. Other nonspecific symptoms such as abdominal
pain, sore throat, nausea, vomiting, cough, arthralgia,
and diarrhea may subsequently develop, and patients
are often dehydrated, apathetic, and disoriented when
they present with disease. Clinical signs of filovirus
infections in nonhuman primates are highly similar to
the clinical features of filovirus hemorrhagic fever in
humans. One of the more distinguishing signs of filo-
virus infection is a maculopapular rash on the trunk
and limbs (Figure 1). Other hemorrhagic manifesta-
tions, including bleeding from the gastrointestinal
and urogenital tracts, petechia, and hemorrhage from
injection sites and mucous membranes, may develop
during the peak of the illness (usually 5 to 10 days
after onset of symptoms).

The differential diagnoses for filovirus infections
are extensive and include malaria, cholera, influenza,
typhoid fever, viral encephalitis, dengue fever, or other
viral hemorrhagic fevers. Assessments of general clini-
copathologic variables are not helpful for diagnosis,
and outbreaks are typically only recognized after a large
number of persons have been affected and national or
international health authorities have been called for
assistance. Mortality rates during filovirus outbreaks
are generally quite high (as high as 90%), although
this rate appears variable and depends on the loca-
tion of the outbreak and the virus isolate involved.*
Although it is understood from evidence derived by
use of animal models of filovirus-induced disease that
virulence depends on the virus species, the relation-
ship between geographic locations of outbreaks and
mortality rates is not yet understood; among out-
breaks, mortality rates could vary on the basis of virus
species, differences in patient care between developed
and developing countries, and general health of the
affected population, along with many other variables.
There are no approved treatments or vaccines for use
in humans for EBOV or MARYV infections.

Macrophages and dendritic cells appear to be early
targets of the infection in vivo, and during in vitro stud-
ies,” these cells supported high levels of virus replication.
Consistent with their apparent early role in viral replica-
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Figure 1—Photographs to illustrate clinical features that are typically associated with filovirus infection in humans and nonhuman pri-
mates. A—\Ventral aspect of the cranial portion of the body of a filovirus-infected cynomolgus monkey. Notice the maculopapular rash
on the trunk (head is to the right). B—Medial aspect of the upper portion of the right forelimb of a filovirus-infected cynomolgus monkey.
The maculopapular rash frequently extends along the arms; the face and hind limbs are often affected. C—Portion of the gastrointestinal
tract of an EBOV-infected macaque obtained at necropsy. Notice the multifocal petechial and ecchymotic hemorrhages with moderate
mucosal congestion at the ileo-cecal junction. D—Portion of the urinary bladder (luminal aspect) of a MARV-infected macaque obtained

at necropsy. Notice the diffuse mucosal hemorrhage and congestion.

tion, there is evidence that that these critical antigen-pre-
senting cells do not function properly following infection
and are somehow impaired by the filovirus infection.®?
The virus is likely distributed rapidly through the body
following the initial infection event (usually a percutane-
ous event involving blood contact), resulting in develop-
ment of high concentrations of virus both in many organs
(including liver, kidneys, spleen, and lungs) and in the
cells that compose these organs.”° In most infections, the
resultant tissue damage is irreparable, especially in the liv-
er and lymphoid tissues. Endothelial cells are also infected
by the filoviruses; however, the kinetics and role of their
infection in filovirus pathogenesis are disputed.®'*"? Lym-
phocytes, including natural killer cells, are not infected,
but these cell types are severely affected during filovirus
infection as a result of bystander apoptosis.'*!*

Epidemiology

The filoviruses were first identified following the
1967 outbreak in Germany and Yugoslavia among labo-
ratory workers who became infected after processing

blood and tissues from MARV-infected monkeys im-
ported from Uganda."”” More recent MARV cases or
outbreaks occurred across Africa in countries includ-
ing South Africa, Zimbabwe, Kenya, the Democratic
Republic of the Congo, and Angola, with case fatality
rates ranging from 20% in Germany in 1967 to > 80%
in Angola during the outbreak in 2004 and 2005.'" Eb-
ola virus was first identified during disease outbreaks
that occurred in northern Zaire and southern Sudan in
1976; subsequently, infections with EBOV were not re-
ported for nearly 15 years until a few cases were identi-
fied in 1994. This was followed by the outbreak in Zaire
during 1995 in which there were 245 deaths among 316
identified cases. Ebola virus has now become endemic
in many parts of Africa, with outbreaks occurring in
Gabon, Sudan, Uganda, the Republic of the Congo, and
the Democratic Republic of the Congo; case fatality
rates range from 41% to 90%'® (Appendix).

From the first cases of MARV infection among
humans in 1967, filovirus infections have been con-
sistently linked to infected nonhuman primates or
associated with caves or mines (Appendix). Often,
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index cases have had suspected contact with infected
animals or their products (bats, rodents, meat from
apes, monkeys, or wild antelopes), but direct contact
could not be proven in many of the outbreaks. During
1989, macaques originally captured in the Philippines
that were housed in a primate facility in Reston, Va,
began dying from acute hemorrhagic fever. The cause
of the hemorrhagic fever was later identified as the
EBOV-Reston strain; simian hemorrhagic fever was
also isolated from additional animals in the cohort.*®
Subsequently, EBOV-Reston has been isolated from dy-
ing macaques imported to the United States and Italy
from the Philippines in 1990, 1992, and 1996.*! Most
recently, EBOV-Reston has been identified in pigs in
the Philippines. The origin of their infection is not
known at this time, nor whether increased numbers of
deaths in the same porcine populations are related to
the EBOV-Reston infection. It does appear that at least
1 person seroconverted against EBOV-Reston, but did
not become ill, during this outbreak.” In 1994, a Swiss
ethologist survived an infection with the newly identi-
fied EBOV-Cote d'Ivoire after performing a necropsy
on a dead chimpanzee from the Tai forest.>> A forest
worker involved in charcoal making was thought to be
the index case during the EBOV outbreak in Kikwit,
Zaire, in 1995.°" The following year, another EBOV
outbreak occurred in Gabon where most of the pa-
tients had contact with a dead chimpanzee that was
consumed for food by the villagers.** During the last 2
decades, temporal associations between several other
human epidemics and nonhuman primate deaths or
die-offs have been detected.'® Specifically, almost all of
the EBOV outbreaks in humans that occurred in the
forest zone between Gabon and the Republic of the
Congo during 2001 to 2003 were the result of handling
of infected animal carcasses.'®* However, primates are
not thought to be the reservoir species because of the
highly lethal nature of the disease in monkeys.

Search for Reservoir Species

Efforts to identify potential reservoir species for
MARYV and EBOV began shortly after the viruses were
detected.”® The initial MARV outbreaks in Germany
and Yugoslavia were quickly associated with direct
contact with specimens and cell cultures from mon-
keys (Cercopithecus aethiops) that originated from
Uganda.'””* The animals in question were in con-
tact with South American finches and monkeys from
Southeast Asia during transport from Africa; thus, the
monkeys from Uganda could not be definitively iden-
tified as the primary source of infection.'” Neverthe-
less, contact with nonhuman primates, usually those
with African origins, has been associated with many
of the subsequent outbreaks of naturally acquired
EBOV infection, which supports the hypothesis that
the monkeys from Uganda encountered the original
MARV reservoir prior to leaving Africa.

Because nonhuman primates, including great
apes, are highly likely to die following filovirus infec-
tion,*>>°® they are not generally considered long-term
reservoir species but, instead, intermediate, indicator,
or end hosts.” Extensive lists of potential reservoir spe-

cies for both filoviruses have been generated on the ba-
sis of the geographic and temporal distributions of the
outbreaks™®; mammals have been the primary focus of
several such efforts because of the relative ease of their
capture and subsequent analysis.’”**% Searches in 1979
and 1980 in the Democratic Republic of the Congo and
Cameroon were unlikely to identify the reservoir be-
cause they captured mainly rodents and bats that fre-
quently came into contact with humans and that would
be expected to transmit infection less sporadically than
where the outbreaks were occurring.®® An extensive sur-
vey of the local arthropod population began 4 months
after the 1995 EBOV outbreak in Kikwit®; analysis of
over 27,000 specimens representing 33 species provid-
ed no evidence either for or against arthropod transmis-
sion of EBOV. Results of additional laboratory analyses
of arthropods have suggested that MARV can persist in
Aedes aegypti mosquitoes for 3 weeks,”” whereas EBOV-
Reston is unable to replicate in Aedes albopictus, Aedes
taeniorhynchus, or Culex pipens mosquitoes or the Orni-
thodoros sonrai soft tick.*

It has been postulated that any filovirus reservoir
must be a species that infrequently contacts human or
nonhuman primate hosts, given the rarity of naturally
occurring outbreaks.” Despite this, bats have been
associated with filovirus outbreaks since 1975, when
a MARV-infected patient was associated with poten-
tial exposure to bats prior to development of clinical
signs.® Since then, humans identified as index cases in
filovirus outbreaks have been associated with potential
exposures to bats in cotton factories,” caves,’”°' and
mines.*%* Early efforts to detect filoviruses in bats were
unsuccessful, but were limited in the number of speci-
mens and organs examined.®® Additionally, sample
collection was frequently delayed after outbreaks un-
til the end of the rainy season, by which time the bat
population might no longer be representative of that
present at the time of reservoir-host transmission.

Outbreaks of EBOV infection among humans
and nonhuman primates have twice been geographi-
cally and temporally linked: first in Gabon in 2001,
and again in the Democratic Republic of the Congo in
2005.°° The coincidental nature of outbreaks among
both humans and nonhuman primates in each region
at these particular times was indicative of a high fre-
quency of contact with the reservoir species. A new
program of animal trapping, which focused on areas
near chimpanzee and gorilla EBOV outbreaks, pro-
vided a sample group of more than 1,000 animals.®” Of
these, individual specimens from 3 species of fruit bats,
Epomops franqueti, Hypsignathus monstrosus, and Myo-
nycteris torquata, were positive for either EBOV-specific
IgG antibodies or EBOV nucleotide sequences in liver
or spleen tissues. However, EBOV-specific IgG was not
detected in animals that were positive for viral nucleo-
tide sequences, and there was a temporal association in
the frequency of animals that yielded positive results
for either test (ie, IgG detection or PCR assay). These
findings led to the belief that animals with filovirus nu-
cleotide sequences but no detectable virus-specific IgG
antibodies were evaluated too soon after infection and
had yet to develop a detectable immune response.®”%
Important to note, EBOV itself has not yet been isolated
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from any trapped animal. The geographic range of all
3 fruit bat species encompasses areas in which previ-
ous EBOV outbreaks occurred (Figure 2). Interactions,
either as physical competition for food or as predator-
prey scenario, between the proposed reservoir species
and potential nonhuman primate hosts have likely in-
creased during recent years, as indicated by the increas-
ing frequency of outbreaks. Additionally, humans living
in EBOV-affected areas are known to consume raw non-
human primate meat and also fruit bats.®” The recent
discovery of EBOV-Reston in pigs in the Philippines has
already been hypothesized to be related to close prox-
imity of fruit bats to the pig populations, although this
link has yet to be proven.*

In both the United States and Italy, EBOV-Reston
has been introduced to multiple quarantine facilities
via cynomolgus macaques (Macaca fascicularis) that
were obtained from a single export facility in the Phil-
ippines.’*?1%-™ Thus, it has been questioned whether
EBOV may also be associated with a non-African res-
ervoir species. Although only captive-bred animals are
approved for export, wild-caught monkeys are often
used to supplement the commercial breeding popula-
tions. This policy could allow for the introduction of
an epizootic agent such as EBOV-Reston to the captive
population.®* An extensive survey of bats and other
animals in the Philippines has not been conducted to
date, and the associated reservoir species—and geo-
graphic origins—of EBOV-Reston is an area for further
research.

Efforts to identify a reservoir for MARV have been
hampered by the infrequency with which outbreaks

occur. Until 1998, infections were either confined to
single individuals, with the occasional inclusion of
their traveling companions or medical personnel, or
were laboratory acquired.” Large outbreaks of MARV
infections have occurred from 1998 to 2000 in the
Democratic Republic of the Congo and in Angola in
2004 and 2005.** The Angolan outbreak was asso-
ciated with MARV only after several nosocomial in-
fections developed, thus impeding epidemiologic in-
vestigations.*® In contrast, the Democratic Republic of
the Congo outbreak was quickly identified and rap-
idly associated with gold miners.* Multiple transmis-
sion events occurred over the course of the outbreak,
and miners appeared to be the index cases in each
transmission; this led to the postulation that physi-
cal contact with the reservoir species occurred inside
the gold mines.* Mining was again implicated in a
2007 outbreak of MARV infection in Uganda,* there-
by continuing the association of MARV with caves
and mines. This led to the investigation of animals,
including a large number of bats, in and around the
mines,* and the eventual detection of MARV nucleic
acid in liver and spleen tissues and MARV-specific
IgG in serum obtained from cave-dwelling fruit bats
(Rousettus aegyptiacus).®®

The ecologic niches of the identified fruit bat res-
ervoir species overlap with that of the filoviruses. The
ranges of E franqueti, H monstrosus, and M torquata and
the range of R aegyptiacus encompass the geographic
regions in which previous EBOV or MARV outbreaks
have occurred, respectively (Figure 2). Additionally,
the 3 species of fruit bats linked with EBOV are forest-

Figure 2—Maps to illustrate the geographic locations in Africa of fruit bat species implicated as possible reservoir species for EBOV and
MARV with respect to outbreaks of filovirus infections. A—The geographic range (denoted by the shaded area) of 3 fruit bat species includ-
ing Epomops franqueti, Hypsignathus monstrosus, and Myonycteris torquata that are possible reservoir species for EBOV encompasses
areas of previously reported EBOV infection outbreaks (denoted by red dots). B—The geographic range (denoted by the shaded area) of
the fruit bat species Rousettus aegyptiacus that is a possible reservoir species for MARV overlaps locations of previously reported MARV
infection outbreaks (denoted by blue squares). Maps were adapted from information derived from previously published work.5%68
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dwellers; as such, they occupy an ecologic niche that al-
lows for interaction with human or nonhuman primate
intermediate hosts. Because of their preferred habitat,
the cave-dwelling fruit bat R aegyptiacus is highly likely
to contact the miners and occasional spelunkers who
represent most MARV index cases. Fruit bats may be
only one of several reservoir species or possibly be re-
sponsible for part of the transmission cycle. In support
of the latter idea, viral titers in organs of affected bats
were extremely low and detectable only via PCR analy-
sis.”® Further supporting evidence comes from results
of phylogenetic analysis, which suggest that, at least
in the area near the Gabon-Congo border, EBOV-Zaire
has only been associated with fruit bats since approxi-
mately 1999.7 This recent identification of a common
viral ancestor may be attributable to a so-called genetic
bottleneck event (in which a large percentage of the vi-
ral population was eliminated or otherwise prevented
from reproducing and only a single or small number
of viral quasispecies emerged), a recent introduction of
the virus to the region of interest by bats from another
area, or perhaps the existence of another reservoir spe-
cies.” It is interesting to note that the filoviruses have
not been associated with South America or rain forests
within southeast Asia (outside the Philippines), and
this may lend further evidence toward 1 or more spe-
cific reservoir species. Filoviruses may have the ability
to persist in both humans and other animals, such as
rodents, nonhuman primates, antelope, pigs, and bats.
This phenomenon may be more likely in reservoir spe-
cies rather than in end hosts, and much more work
needs to be done on this subject.®7-"

Transmission and Prevention

Zoonotic diseases are promoted and spread by
activities that bring humans into close contact with
wild or domesticated animals. Any contact with ani-
mals may create a new epidemic among humans; the
more intense and frequent the contact, the higher the
probability of disease transmission from animals to
humans.® Regions of large biodiversity, such as rain
forest regions in the Amazon, Africa, and southeast
Asia, are areas in which the risk for contact between
humans and animals carrying zoonotic diseases is
high. Increasing encroachment into these wild habi-
tats is one of the foremost reasons for the many rap-
idly emerging zoonoses. As a prime example, index
cases in outbreaks of EBOV or MARV infections have
been bushmeat hunters or wood gatherers who work
in the dense African rain forests.?*37%

Furthermore, international trade and travel also
provide new opportunities for emerging zoonotic
pathogens to broadly infect human populations.® Il-
legal trade of primates or other exotic animal species
that are kept as pets puts humans at risk of infection
with these highly lethal pathogens, but this is likely
far lower than the risk of infection as a result of a bur-
geoning trade in illegal African bushmeat, including
body parts of primates such as gorillas and chimpan-
zees. Secret illegal meat trade markets in cities includ-
ing Paris and New York put multiple continents at
risk of outbreak via zoonotic transmission, according

to the American-based Bushmeat Crisis Task Force.®
There are multiple recent examples of emerging dis-
eases that have been carried through several coun-
tries and continents via air travel, including spread of
EBOV by a doctor who became infected in Gabon and
then traveled to South Africa.”® Other viral diseases,
including infections with HIV or the severe acute re-
spiratory syndrome (SARS) coronavirus, were trans-
formed from local problems to worldwide disasters as
travel by infected humans helped to spread the viruses
throughout the globe.®> With global spread of these
diseases, there is not only the danger of widespread
human-to-human transmission, but also the possibil-
ity that these exotic diseases will find a permissive res-
ervoir species in new locations.

Because, at least in part, the filoviruses are highly
virulent and mortality rates associated with outbreaks
often approach 90%, recent outbreaks of EBOV and
MARYV infections in Africa have been contained be-
fore the viruses were able to spread beyond the local
areas. Additionally, because of the rapid time course
from time of infection to death and the severe na-
ture of the clinical signs, local, national, and inter-
national health officials have been able to react in
sufficient time to institute and enforce quarantine
measures. However, many patients in the 2007 EBOV
outbreak in Uganda presented with mostly influenza-
like symptoms, which heightened fears that patients
with mild clinical signs may travel and disseminate
the virus beyond the initially affected region.>*#* His-
torically, the local population and affected patients in
areas of outbreaks are often highly suspicious of out-
siders, especially foreigners, and residents have hid-
den infected individuals from local health officials.
These actions by the villagers usually result in spread
of the virus among family members and may endan-
ger overall efforts to control the outbreak. Education
of persons living in areas at risk for outbreaks of filo-
virus infections will assist in controlling spread of
these dangerous diseases.®

As part of control measures, efforts should be made
to improve surveillance for filovirus outbreaks in hu-
man populations at the local, national, and internation-
al levels; these efforts should be extended to include
improved surveillance of wild and domestic animals
and of animal products that are considered high risk
(ie, bushmeat).®” The World Health Organization has
instituted a Global Influenza Surveillance Network to
monitor and evaluate new influenza strains in poultry
and other livestock, thereby providing data on which
recommendations for vaccine development can be
made; this network proved to be useful during the re-
cent SARS epidemic.*® Many zoonotic diseases, includ-
ing the infections with filoviruses, still remain incon-
sistently monitored or entirely unmonitored by public
health officials.®® Unstable political situations in several
countries within Central Africa prevent active and con-
sistent surveillance for EBOV and MARV outbreaks
among nonhuman primates, as well as among humans.
Furthermore, most European countries now demand
mandatory testing to establish the filovirus status of
imported nonhuman primates, and procedures exist
worldwide to quarantine imported monkeys in an effort
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to control the spread of infection. Several examples of
importation of filovirus-infected macaques have been
reported,* %8788 including events that resulted in the
1967 outbreak of MARV infections and successive out-
breaks of EBOV-Reston infections in the United States.
Fortunately, these outbreaks were all contained to a
reasonable extent and did not result in a widespread
epidemic.

Interventions for Filoviruses

Presently, there are no medical interventions or
vaccines approved for the treatment or prevention of
filovirus infections in humans or other animals. In non-
human primate models of lethal filovirus infections in
humans, several experimental approaches have been
shown to be efficacious, including treatment of the co-
agulopathic diathesis by use of nematode anticoagulant
protein c2 (a potent inhibitor of tissue factor-initiated
blood coagulation)® or recombinant human activated
protein C (which has a broad spectrum of coagulation-
modulating activity),” therapeutic vaccines (ie, vac-
cines administered after infection to reduce or arrest
disease progression),’=>* and gene-specific antivirals.”*
Overall, approaches such as therapeutic vaccines and
antivirals that directly inhibit EBOV or MARV replica-
tion appear to be the best candidates to effectively treat
highly lethal filovirus infections. Lower peak viral loads
are associated with better disease outcomes in both hu-
mans” and nonhuman primates.’* Treatments directed
against clinical signs associated with filovirus infec-
tions, such as coagulopathy or lymphocyte apoptosis,
are likely to be beneficial in combination with specific
antiviral treatment, when the etiologic agent is known.
In general, this type of clinical sign—specific treatment
will also be useful when the infectious agent has not yet
been specifically identified or confirmed.

Until recently, development of vaccines against filo-
viruses had been a hit-or-miss effort, in part because the
requirements for protective immune responses against
filovirus infections are poorly understood. For instance,
it remains unclear whether antibody responses, cyto-
toxic T-cell responses, or both are necessary to protect
humans and other animals from filovirus infection.”
The first candidate vaccines against filoviruses were
based on formalin-, heat-, or irradiation-inactivated vi-
rion preparations. Partial protection of guinea pigs, rhe-
sus macaques, and baboons following inoculation with
these vaccines was reported,”'® but these experimental
results remain controversial because the findings have
not been reproduced by other laboratories. Inactivated
vaccine platforms have now been abandoned because of
both production and safety issues.'**'°> Subunit vaccine
candidates based on purified filoviral protein prepara-
tions have had limited success to date.'®*'** Partial or
complete protection against homologous, but not het-
erologous, virus was achieved after gene-gun admin-
istration of DNA plasmids expressing the Zaire EBOV
isolate (ZEBOV-May) or MARV-Mus GP genes into the
skin of mice and guinea pigs, but provided incomplete
protection to nonhuman primates.'® Four vector-based
approaches for vaccination against filoviruses that have
efficacy in nonhuman primates have been reported in-
cluding replication-incompetent Venezuelan equine en-

106 yesicular stomatitis Indiana

108

cephalitis virus replicons,
virus,'*” replication-incompetent adenoviral vectors,
and parainfluenza-vectored vaccines.!® Unfortunately,
questions remain about many of the vaccine strategies
applied to date, including acceptable vaccine doses; op-
timal routes of vaccination; requirements for booster
vaccinations; duration of immunity; safety consider-
ations including use of the vaccines in young, elderly,
and immunocompromised populations; the impact of
prior immunity to the vaccine vector; and the ability
of these vaccine strategies to cross-protect against mul-
tiple species of EBOV and MARV. Furthermore, there is
concern about potential adaptation or mutation of these
new viral-based vectors in vaccinated and unvaccinated
contacts because their safety profiles are not yet well
established; the spread of these recombinant viruses
through animal populations (both wild and domestic)
is also possible. Results of recent studies''*'"* have in-
dicated that monovalent and multivalent FVLP-based
vaccines are efficacious against EBOV and MARV infec-
tions in rodents and nonhuman primates. These FVLPs
are highly immunogenic and can safely provide pro-
tection of nonhuman primates from lethal EBOV and
MARYV infections.!'*!"*> On the basis of immunogenicity
and protective efficacy of virus-like particles, as well as
the known safety profiles of virus-like particle-based
vaccines in general,''®!213 FVLP-based vaccines are
potentially one of the safest preventative treatments for
use in humans and in the precious, declining nonhu-
man primate populations in Africa.

Overview

Until recently, only small, government-sponsored
institutions were responsible for most filovirus research.
Development of vaccines and research into potential
antiviral drugs against zoonotic disease agents, such as
the filoviruses, have not been a priority for the pharma-
ceutical industry. Encouragingly, progress in molecular
biology and surrogate systems in the past decade have
allowed further elucidation of the pathogenesis and
epidemiology of these dangerous viruses, and advanc-
es in the development of effective treatments against
those infections have been made.” Because of extensive
global trade and ease of travel, a confined outbreak in
Africa could easily transform into a larger, more wide-
spread occurrence; therefore, education and awareness
among local, national, and international public health
officials and politicians regarding the threat of zoonotic
diseases such as EBOV and MARV infections is pru-
dent. Systematic and consistent methods for outbreak
surveillance should be instituted throughout the world,
including oversight on persons and wares involved in
high-risk trade and travel. Certainly, current interna-
tional boundaries in public health surveillance should
be recognized as a major problem, and remedies for
these issues should be proposed by international health
agencies.

Unfortunately, the location and circumstances of
the next outbreak of EBOV or MARYV infection are un-
certain, as evidenced by the recent discovery of EBOV-
Reston in pigs in the Philippines. If either virus is trans-
mitted from animals to humans and is then allowed to
spread among humans, a potentially catastrophic situ-
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ation could develop with widespread illness and death
and undoubtedly worldwide panic. On the basis of
knowledge to date, the filoviruses do not appear to have
the biological potential for this type of doomsday sce-
nario; however, new strains of these viruses are emerg-
ing with increasing frequency.**%
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Appendix

Summary of reported outbreaks of filovirus infections and the association of affected humans with exposure to other animals or to

caves or mines.

No. of reported

Association of infected humans

2003

2003 EBOV-Zaire

2004 EBOV-Sudan
2004— MARV-Angola
2005

2007 MARV

2007 EBOV-Uganda

Republic of the Congo

Mbomo and Mbandza districts, 35(83)
Republic of the Congo

Yambio County, Sudan 17 (41)

Uige Province, Angola 252 (90)

Kamwenge District, Uganda 2(50)

Bundibugyo District, Uganda Preliminary estimates
of 149 (approx 25)

dead or butchered wildlife; concurrent
outbreaks in wild gorillas, chimpanzees,
and duiker.

Infected persons had contact with
dead or butchered wildlife; concurrent
outbreaks in wild gorillas, chimpanzees,
and duiker.

Infected persons worked in same mine
(2-mo interval between infections).

human cases with other animals or cave Reference
Year Virus isolate Location (case fatality rate [%]) or mine environments No.
1967 MARV-Popp/Ci67  Germany and Yugoslavia 31(21) Laboratory workers in contact 19
with African green monkeys
imported from Uganda.
1975 MARV Johannesburg, South Africa 3(33) Affected person had returned 20
from Zimbabwe; potential
exposure to bats during trip.
Traveling companion and an
attending nurse were
subsequently infected.
1976  EBOV-Zaire Yambuku region, Zaire (now DRC) 318 (88) 21,22
1976  EBOV-Sudan Nzara and Maridi regions, Sudan 284 (53) Evidence of bats at cotton factory 23,24
(work location of index case).
1976  EBOV-Sudan England 1(0) 25
1977  EBOV-Zaire Tandala village, Zaire (now DRC) 1(100) 26
1979 EBOV-Sudan Nzara area, Sudan 34 (65) Evidence of bats at cotton factory 27
(work location of index case).
1980 MARV Kitum Cave on Mount Elgon, Kenya 2(50) Index case visited cave. 28
1987 MARV Kitum Cave on Mount Elgon, Kenya 1(100) Index case visited cave. 29
1989 EBOV-Reston United States 0(0) Nonhuman primates imported 30
from the Philippines.
1990 EBOV-Reston United States 0(0) Nonhuman primates imported 31
from the Philippines.
1989—- EBOV-Reston Philippines 0(0) High mortality rate among 32,33
1990 wild-caught macaques.
1992 EBOV-Reston Sienna, Italy 0(0) Nonhuman primates imported 32,33
from the Philippines.
1994 EBOV-Zaire Gabon 49 (59) Outbreak near gold-mining camps 34
(possible association with bats or
other cave-dwelling animals).
1994 EBOV-lvory Coast Tai Forest, Ivory Coast 1(0) Infected person participated in 35, 36
necropsy of wild chimp.
1995 EBOV-Ivory Coast Liberia 1(0) Retrospective identification 36
from Liberian refugee.
1995 EBOV-Zaire Kikwit area, Zaire (now DRC) 315(81) Forest worker involved in charcoal 37
making thought to be the index case.
1996 EBOQV-Zaire Mayibout area, Gabon 37 (57) Chimp found dead; meat had been eaten. 34
1996— EBOQV-Zaire Booue area, Gabon 60 (74) Dead chimp found in forest 34
1997 (not primary contact case).
1996 EBOV-Zaire South Africa 2(50) Animal association unknown; 38
introduced by ill patient from Gabon.
1996 EBOV-Reston United States 0(0) Nonhuman primates imported 31
from the Philippines.
1996 EBOV-Reston Philippines 0(0) Nonhuman primates imported 39
from the Philippines.
1998- MARV Durba, DRC (formerly Zaire) 154 (83) Working in a local mine was 40
2000 identified as a risk factor.
2000- EBOV-Sudan Gulu, Masindi, and 425 (53) 4
2001 Mbarara districts, Uganda
2001— EBOV-Zaire Ogooue-Invindo province, Gabon 65 (82) Infected persons had contact 42-44
2002 with dead or butchered wildlife;
concurrent outbreaks in wild gorillas,
chimpanzees, and duiker.
2001- EBOV-Zaire Mekambo, Mbomo, and 57 (75) Infected persons had contact with 43,44
2002 Kelle districts, Republic of the Congo dead or butchered wildlife; concurrent
outbreaks in wild gorillas, chimpanzees,
and duiker.
2002- EBOV-Zaire Mbomo and Kelle districts, 143 (89) Infected persons had contact with 44,45

44,46

47
48

49
50-52

DRC = Democratic Republic of the Congo.
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